These days the natural habitats are mainly endangered by area-reduction and biological invasions. Beside the up-staging effect of invasive plants on natural species these plants can appear on agricultural areas as weed species. In Hungary the common milkweed (Asclepias syriaca L.) is one of the most spreading invasive plant. Originally it was introduced as a crop but it alienated and built-up large populations.
Introduction
One of the main causes of accelerated global biodiversity loss is biological invasion besides habitat destruction and fragmentation, overexploitation, climate change, habitat deterioration and extinction cascades (Tilman et al. 2001 , Diamond 1989 , Thomas et al. 2004 , Brook et al. 2008 , Dunn et al. 2009 ). Invasive species cause serious problems worldwide not only in the ecological balance and nature conservation but also in the agricultural production.
Common milkweed (Asclepias syriaca L.) is a spreading invasive species in Hungary (Bagi, 1999; Novák et al., 2011; Simon 2000) . It is considered as a native species on the northeastern and north central parts of the United States and to the adjacent areas of Canada (Bhowmik and Bandeen, 1976) . This species belongs to the family of Asclepiadaceae (Simon, 2000) . Asclepias genus has nearly 140 species around the world. Most of them are tropical plants but some of them appear in continental climate also (Bagi, 1999) . The first description of this species from Hungary was published by an English travel writer, Pococke. He recorded common milkweed during his Transdanubian journey in 1736-37 years (Rózsa and Nagy, 1997) .
Asclepias syriaca is an 80-150 cm high perennial herbaceous species. Its leaves are broad lanceolate and positioned oppositely on the stems with a lengths of 7-25 cm and breadth of 5-15 cm. The leaves have short stalks on their surface and smooth margined (Hegi, 1935; Jeffrey and Robinson, 1971; Ujvárosi, 1973; Bhowmik and Bandeen, 1976) . The nectariferous flowers (10-120) are arranged in 5-10 cm long umbellate cymes, positioned terminally and/or under the leaves (Ujvárosi, 1973; Liede and Weberling 1995; Bagi, 1999) . Their colour varying from white to purplish and rarely also to red (Soó, 1966; Bhowmik and Bandeen, 1976) . The fruits are 8-11 cm long, curved horn shaped, covered with hair and soft spikes (Tutin et al., 1972; Ujvárosi, 1973; Horváth, 1984; Simon, 2000) . Brownish seeds are flat with a tuft of flossy hairs, approximately 6-10 mm (Ujvárosi, 1973; Bhowmik and Bandeen, 1976) and their thousand seed weight are 4-9 g (Bagi, 2008; Petrova et al., 2013; Bhowmik and Bandeen, 1976; Horváth, 1984; Valachovic, 1991) . All parts of the plant contain white milky sap what is toxic or repellent to herbivore insects and some of the vertebrates (Pápay et al., 1973; Bagi, 2008) . The flowering period lasts from June to August under Central-European conditions (Simon, 2000) . In Hungary the main pollinator of this plant is the European honey bee (Apis mellifera) beside wasps, bees, butterflies and flies (Ulmann, 1951; Doyon, 1960; Horváth, 1984; Bagi, 1999) .
The root system of the common milkweed is robust, growing vertically within 10-40 cm below the soil surface but sometimes this species can develop 1-1.2 meter deep rhizomatic roots (Bhowmik and Bandeen, 1976) . This root-structure results high capacity for vegetative propagations by dividing clones with 2-5 shoots (Anderson, 1999; Borders and Lee-Mäder, 2014; Bagi, 2004) . Its root-developing potential is up to 3 meters per year (Evetts and Burnside, 1973; Bagi, 2004) . The quick spreading of this species is explained by the intensively developing rhizomatic root system and its allelopathic behaviour. Both roots and foliage produce allelochemicals (asclepiadin, sitoserin, quercetin, nicotine) that prevent the settlement and the competition of wide range of the surrounding vegetation (Kazinczi et al., 1999; Kazinczi et al., 2004a; Horváth et al., 2006; Konstantinovic et al., 2016) .
Common milkweed is well adapted to a wide range of climatic and edaphic conditions (Bhowmik and Bandeen, 1976) but it prefers habitats on non-compacted, well-drained soils (Groh, 1943) , e.g. on sand or loess (Bagi, 2004) . This species usually grows in disturbed habitats, e.g. forest edges, roadsides, railway areas and open fields (Wilbur, 1976) . Furthermore it can be frequently found in agricultural areas e.g. croplands, pastures, and grasslands (Cramer and Burnside, 1982; Hartzler and Buhler, 2000) , and even in habitats modified by humans, such as wastelands, abandoned orchards, vineyards, abandoned arable land, with a wide range of soil conditions (Valachovič, 1987; Stanković-Kalezić et al., 2008; Petrova et al., 2013; Puchałka et al., 2013) .
Because of the quick spreading potential, the allelopathic effect and the adaptability, common milkweed causes serious challenges, especially in weed control of the arable fields.
Common milkweed was rare both on ruderal and agricultural habitats but in the last 50 years spreading of this species were accelerated because of e.g. monoculture farming, disturbance and tillage. During the First Hungarian Arable Weed Survey (1950-52) this species was not recorded on arable areas. Common milkweed had appeared until the Second Hungarian Weed Survey (1969) (1970) (1971) in arable fields with 0.0008 % main coverage. Later this value could be multiplied as 0.0081 % main cover in 1987-1988; 0.0163 % in 1996-1997 and 0.037 % in 2007-2008, respectively . However Asclepias syriaca was just the 76th in the order of dominance of arable weeds in 2007-2008 on national level, it became dangerous locally, mainly on Central and Southern parts of Hungary (Novák et al., 2011) . Vineyards and orchards were also infested at sandy-soil regions (Dancza et al., 2006) .
Beside the weed control problems common milkweed may be reservoir of some important pathogens, e.g. tobacco mosaic virus (TMV), alfalfa mosaic virus (AMV) (Kazinczi et al., 2004b) , cucumber mosaic virus (CMV) (Horváth et al., 1983; Nasser and Basky, 1988; Bagi, 1999) , tomato spotted wilt virus (TSWV); as well as their vectors: Thrips tabaci and Frankliniella occidentalis (Bagi, 1999; Jenser et al., 2009) .
Common milkweed could be damaged by Spilostethus eguestris (Horváth, 1984) , Aphis nerii (Horváth and Szalay-Marzsó, 1984; Haltrich and Vas, 1996) , Omophlus proteus, Galeruca tanaceti and Peritelus familiaris (Bagi, 1999) .
The successful weed control has to be based on regular treatments: deep and frequent tillage in order to reduce the nutrient supply in the root system. However the inefficient tillage, mechanical and chemical control could result an intensive (re)shooting of damaged plants. According to Hungarian researches the perennial -shooting -common milkweed is sensitive to triclopyr, imazethapyr, hexazinone 1 and glyphosate and moderately sensitive to fluroxypyr and dicamba herbicide active ingredients (Varga, 2005) . On account of non-repeated treatments in the longer term a recovery of A. syriaca will be expected (Szitár and Török, 2008), Sallainé-Kapocsi and Danyik (2015) emphasized that the glyphosate may be effective only by repeated treatments within a 3 years period. Varga (2005) established that for herbicide treatments best timing is before flowering or immediately before winter dormancy. Oppositely Konstantinović et al. (2008) find a limited sensitivity of A. syriaca on glyphosate after 4-6 leaves-stage.
Material and methods
The selected A. syriaca populations were located in the territory of Bükk National Park 'Hevesi Füves Puszták' (steppes) Protected Landscape Area close to the village Erdőtelek in Hungary. This landscape area is infested by A. syriaca populations and this invasive plant could double its importance (390 m 2 of the infested area raised to 840 m 2 ) between 2010 and 2016 years, according to the local surveys.
Chemical and mechanical treatments Our study was based both on mechanical and chemical control. As mechanical control, A. syriaca plants were mowed at 5 cm height above the ground at two populations.
For chemical control three herbicides were used at two populations of each herbicide treatments, as follows: all with 400 l ha -1 spraying volume.
The time of treatments Treatments were applied in accordance with the growth stages of A. syriaca populations in case of all treatments. Four populations (one of each mowed, glyphosate, fluroxypyr and dicamba + tritosulfuron treated) were treated (cut or sprayed) at 'EARLY' stage when most plants were 20-30 cm tall (BBCH 13-15) and other four populations (also one of each mowed, glyphosate, fluroxypyr and dicamba + tritosulfuron treated) where treated at 'LATE' stage before flowering at the early development of flower buds . In addition to the vegetation of 8 treated populations, a non-treated control population was also recorded during this study to evaluate herbicide efficiency.
Because of A syriaca regrowth, the 'EARLY' treatments were repeated four times in 2016 (4 May, 1 June, 25 June, 9 August). Exceptions are mowed population where last (4th) cut was not occurred and dicamba + tritosulfuron treated population where 2nd and 3rd applications were not accomplished in the lack of regrowth of common milkweed. 'LATE' treatments were based on two applications in 2016 (1 June, 9 August). Repeated applications were done when damaged or new-appearing shoots achieved 'EARLY' or 'LATE' phenological stage again.
Herbicide efficacy (%) was estimated during the whole season in 2016 (first season) and A. syriaca abundance -shoot number per population (= population size) -was recorded during 2016 and 2017 (second season) (Table 1) . Results and discussion
The effect of mowing on the regeneration of A. syriaca In spite of repeated early-stage mowing the Asclepias syriaca population could grow intensively. Both new shoots appeared and damaged shoots were regrown within two weeks after cuttings. After the second (01.06.2016) and third (25.06.2016) mowing, same regeneration was observed, hereby number of shoots and the size of population could increase continuously. In August shoots were shorter (50-70 cm) than the control population (100-140 cm) but the mowed plants were in early flowering stage (Table 2 ).
In the second season (2017) the growth of plants could start early, and the shoots were vigorous. Later, resulted by continuous development during the whole year the population could have approximately the same size as the size at the end of first season (2016). The size of late-mown population decreased during 2016. This trend was continuous during the whole year because after the first mowing only 39 shoots could regrow and their growth was less intensive shown by weak shoots. Then, the second cut could also halve the population size. In September, the survivor shoots were strong but they could not get flowers.
The growth of late-cut population could also start early in the second spring (2017). The number of shoots were relatively lower than at earlycut population, however, they were similarly vigorous. During the second season the population could multiply and become two times higher than at the end of first season (12.09.2016), but only half than at the beginning of mowing treatments (01.06.2016) ( Table 3) . The effect of glyphosate treatment on the regeneration of A. syriaca The glyphosate treatment was not successful in the control of earlystaged population in spite of repeated applications. After each treatment the leaves of common milkweed were faded, withered and necrotized and plants lost approx. 95% of foliage, but the population could revive easily. The appearance of new shoots was intensive within weeks after all treatments, e.g. their number increased from 15 to 75 between 25.05.2016 and 01.06.2016; and from 58 to 70 between 06.07.2016 and 09.08.2016. Regrown and new shoots were less and less developed during the first season with shorter leaves and thinner stems. The population also survived the forth treatment but plants could not grow flowers.
Shoots of this population could also start to growth early in the second season but at spring the few recorded shoots were thin. Until September the population size had grown and became half than that of one year earlier. The damage of glyphosate was also observed in this second season (Table 4) . The efficacy of late glyphosate treatments was much higher than early glyphosate treatments. The treated shoots were highly withered but no new shoots appeared at 06.07.2016 (35 days after application). Within the following weeks the regrowth was limited but continuous and any appearance of new shoots was not recorded.
After the second treatment (09.08.2016) the population lost all of the foliage and no new shoots appeared until September.
In the second year (2017), the late-glyphosate-treated population could shoot relatively late -after the spring assessment (26.05.2017). During this year only 2 shoots appeared and they were poorly developed (Table 5 ). 
* Day After preceding Application
Developing control strategies against common milkweed (Asclepias syriaca L.) …
The effect of fluroxypyr treatment on the regeneration of A. syriaca
The population treated by fluroxypyr at early stage showed moderate symptoms (twisting and curling) at the 21st day after the first application. The efficiency was on 50% level and more than half of the shoots survived the treatment and they regrew intensively. The further applications (at 01.06, 25.06. and 09.08 in 2016) were more effective but the proportion of damaged shoots was always below 80%. Shoots did not lose all of their foliage, they regrow limitedly but could not develop flowers.
In the second year (2017) a numerous shoots were visible at spring assessment (26.05.2017) resulted by intensive early development. This growth was continuous during the year and finally the size of the population could exceed the size of start population (192 vs. 148 shoots) ( Table 6 ). 
* Day After preceding Application
The late fluroxypyr treatment was more effective than earlier. In one month after the first application the population lost 65% of foliage and remain leaves were hardly damaged by twisting and curling. In the next month -without additional treatment -these shoots could moderate regrow but no new shoots appeared. The population was highly destroyed by the second application. At the end of the first season (12.09.2016) only two shoots were found.
After the late fluroxypyr treatment the population start to grow early but we found only a few shoots in May 2017. During the second year the population had increased and closely reached the start size of population (Table 7) . 
The effect of dicamba + tritosulfuron treatment on the regeneration of A. syriaca The early stage dicamba + tritosulfuron application had shown high efficiency. No survivor was found three weeks after the treatment (at 25.06.2016) as well as one month later (06.07.2016). First regrown shoot had appeared until early August which was undeveloped having thin stem and short leaves. Resulted by second application this shoot also disappeared and no plants were found at the end of first season (12.09.2016).
In the next year (2017) the population could develop shoots already until the spring assessment (26.05.2017 ). This shoots were thin but plants had grown continuously and until September 2017 further shoots had appeared. In spite of regrowth the size of population was only one-tenth of start size (Table 8) . 
The late dicamba + tritosulfuron treatment gave similar results. After the first application (01.06.2016) no plants could be found but only one shoot regrow until early August. By second treatment this shoot was destroyed and no visible foliage was there in September 2016.
This population could regrow only late in the second season (2017) and only one thin shoot had appeared during this year (Table 9 ). 
Conclusions
The monthly mowing of common milkweed is not able to control this plant. Cut plants are going to regrow intensively and, eventually, the size of the population may overtake the size of non-disturbed populations (Fig. 2) . The herbicide treatments can result in disappearance of common milkweed populations. Plants disappeared after repeated applications by dicamba + tritosulfuron at early or late growing stage or by glyphosate at late growing stage at the end of first season (2016). In the next season these populations could limitedly reshoot without additional treatments and reached 2-10 % of start population size. Therefore, the sole year herbicide treatment series are not efficient control options.
Both the mowing and herbicide treatments highlight the importance of treatment timing. Common milkweed plants are more sensitive before flowering than at early intensively growth stage. During and after flowering this higher sensitivity may remain but pre-flowering treatment is more suitable for preventing both sexual and asexual reproduction.
In case of dicamba + tritosulfuron both early and late treatment were effective. Consequently, the use of this herbicide can provide a more flexible use to help the organization of work process.
